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ELECTRONIC DEVICE INCLUDING A 
MEMORY TECHNOLOGY DEVICE 

INCORPORATION BY REFERENCE 

This application is based on, and claims priority to 
corresponding Japanese Patent Application No. 2013 
246825, filed in the Japan Patent Office on Nov. 28, 2013, 
the entire contents of which are incorporated herein by 
reference. 

FIELD 

Unless otherwise indicated herein, the description in this 
field section or the background section is not prior art to the 
claims in this application and is not admitted to be prior art 
by inclusion in this section. The present disclosure relates to 
an electronic device including a nonvolatile storage device 
serving as a memory technology device (MTD). 

BACKGROUND 

A typical electronic device that includes a nonvolatile 
storage device serving as the MTD may be, for example, an 
image forming apparatus including a random access 
memory (RAM) and a flash memory serving as the non 
Volatile storage device. 

FIG. 10 is a schematic diagram illustrating an example of 
a configuration of a RAM 81 and a flash memory 82 within 
such a typical electronic device 80 as described above. 
As illustrated in FIG. 10, the electronic device 80 includes 

the RAM 81 and the flash memory 82 serving as a nonvola 
tile storage device. 

The flash memory 82 stores firmware 82a for a LinuxOR) 
system. 
The firmware 82a includes a boot loader 82b that is 

executed when the electronic device 80 is booted, a kernel 
82c to be expanded onto the RAM 81, a root disk image 82d 
for normal boot that is a root disk image serving as a 
compressed file of a root file system and that is used when 
a boot mode of the electronic device 80 is a normal boot 
mode, and a root disk image 82e for update that is a root disk 
image used when the boot mode of the electronic device 80 
is an update mode for updating the firmware 82a on the flash 
memory 82. 
The root disk image 82d for normal boot is a file having 

a format that can be read by a kernel 81c described later from 
the MTD via a read-only file system such as Cramfs or 
Squashfs. On the other hand, the root disk image 82e for 
update is a file having a format that can be read by the kernel 
81c from an area of the RAM 81 under management of the 
kernel 81c. The format that can be read by the kernel 81c 
from the MTD is different from the format that can be read 
by the kernel 81c from the area of the RAM 81 under the 
management of the kernel 81c in terms of a mechanism of 
Linux(R). In other words, the root disk image 82d for normal 
boot and the root disk image 82e for update are files having 
formats different from each other. 

FIG. 11 is a flowchart of an operation performed when the 
electronic device 80 is booted. FIG. 12 is a schematic 
diagram illustrating a configuration of the RAM 81 and the 
flash memory 82 employed when the boot mode of the 
electronic device 80 is the normal boot mode. FIG. 13 is a 
schematic diagram illustrating a configuration of the RAM 
81 and the flash memory 82 employed when the boot mode 
of the electronic device 80 is the update mode. 
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2 
As illustrated in FIG. 11, when booted, the electronic 

device 80 expands the bootloader 82b on the flash memory 
82 onto the RAM 81 as a boot loader 81b (refer to FIG. 12 
and FIG. 13) (S91). 

Subsequently, the boot loader 81b expands the kernel 82c 
on the flash memory 82 onto the RAM 81 as the kernel 81c 
(refer to FIG. 12 and FIG. 13) (S92). 

Subsequently, the boot loader 81b determines whether or 
not the boot mode of the electronic device 80 is the update 
mode (S93). 
When determining in Step S93 that the boot mode is not 

the update mode—that is, when the boot mode is the normal 
boot mode—the bootloader 81b notifies the kernel 81c that 
the boot mode is the normal boot mode (S94). 
When notified by the boot loader 81b that the boot mode 

is the normal boot mode, the kernel 81c mounts the root disk 
image 82d for normal boot on the flash memory 82 as the 
root file system (S95). Accordingly, as illustrated in FIG. 12, 
the root disk image 82d for normal boot is read into an area 
of the RAM 81 not under the management of the kernel 81c 
in unit of a page as the need arises. 
When determining in Step S93 that the boot mode is the 

update mode, the bootloader 81b notifies the kernel 81c that 
the boot mode is the update mode (S96). 
When notified by the boot loader 81b that the boot mode 

is the update mode, as illustrated in FIG. 13, the kernel 81c 
expands the root disk image 82e for update on the flash 
memory 82 into the area of the RAM 81 under the man 
agement of the kernel 81c as a root disk image 81e for 
update (S97), and then mounts the root disk image 81e for 
update on the RAM 81 as the root file system (S98). 
Accordingly, as illustrated in FIG. 13, the root disk image 
81e for update is read into the area of the RAM 81 not under 
the management of the kernel 81c in unit of the page as the 
need arises. Note that, the electronic device 80 operates in 
accordance with the root disk image 81e for update on the 
RAM 81, and hence can delete the firmware 82a before 
update from the flash memory 82 and then write the firm 
ware 82a after update into the flash memory 82. 
When the process of Step S95 or Step S98 is finished, the 

electronic device 80 finishes the operation illustrated in FIG. 
11. 

However, on the electronic device 80, two kinds of root 
disk images, the root disk image 82d for normal boot and the 
root disk image 82e for update, need to be stored in the flash 
memory 82, which increases a capacity necessary for the 
flash memory 82. 

SUMMARY 

The present disclosure relates to an electronic device 
capable of Suppressing a capacity necessary for a nonvolatile 
storage device. 
The electronic device according to the present disclosure 

includes a random access memory (RAM), a nonvolatile 
storage device configured to act as a memory technology 
device (MTD), and firmware that is stored on the nonvolatile 
storage device. The firmware includes a kernel that may be 
expanded onto the RAM and a root disk image as a root file 
system. 
The kernel mounts the root disk image on the nonvolatile 

storage device as the root file system when a boot mode of 
the electronic device is a normal boot mode. 
The kernel, when the boot mode is an update mode for 

updating the firmware on the nonvolatile storage device, 
may i) generate a RAM disk as an MTD in an area of the 
RAM not under management of the kernel, ii) expand the 
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root disk image on the nonvolatile storage device into the 
RAM disk, and iii) mount the root disk image on the RAM 
disk as the root file system. 

Additional features and advantages are described herein, 
and will be apparent from the following Detailed Descrip- 5 
tion and the figures. 

BRIEF DESCRIPTION OF FIGURES 

All drawings are intended to illustrate some aspects and 10 
examples of the present disclosure. The drawings described 
are only schematic and are non-limiting, and are not neces 
sarily drawn to scale. 

FIG. 1 is a schematic diagram illustrating a block con 
figuration of a multifunction peripheral (MFP) according to 15 
an embodiment of the present disclosure; 

FIG. 2 is a schematic diagram illustrating a configuration 
of a RAM and a flash memory within the MFP illustrated in 
FIG. 1; 

FIG. 3 is a flowchart of an operation performed when the 20 
MFP illustrated in FIG. 1 is booted; 

FIG. 4 is a schematic diagram illustrating a configuration 
of the RAM and the flash memory illustrated in FIG. 2 when 
a boot loader has been expanded onto the RAM; 

FIG. 5 is a schematic diagram illustrating a configuration 25 
of the RAM and the flash memory illustrated in FIG. 2 when 
a kernel has been expanded onto the RAM; 

FIG. 6 is a schematic diagram illustrating a configuration 
of the RAM and the flash memory when a boot mode of the 
MFP is a normal boot mode; 30 

FIG. 7 is a schematic diagram illustrating a configuration 
of the RAM and the flash memory illustrated in FIG. 2 when 
an MTDRAM disk has been generated in an area of the 
RAM not under management of the kernel; 

FIG. 8 is a schematic diagram illustrating a configuration 35 
of the RAM and the flash memory illustrated in FIG. 2 when 
a root disk image has been expanded into the MTDRAM 
disk; 

FIG. 9 is a schematic diagram illustrating a configuration 
of the RAM and the flash memory illustrated in FIG. 2 when 40 
the boot mode of the MFP is an update mode: 

FIG. 10 is a schematic diagram illustrating an example of 
a configuration of a RAM and a flash memory within a 
typical electronic device; 

FIG. 11 is a flowchart of an operation performed when the 45 
typical electronic device illustrated in FIG. 10 is booted; 

FIG. 12 is a schematic diagram illustrating a configuration 
of the RAM and the flash memory illustrated in FIG. 10 
employed when a boot mode of the typical electronic device 
is a normal boot mode; and 50 

FIG. 13 is a schematic diagram illustrating a configuration 
of the RAM and the flash memory illustrated in FIG. 10 
employed when the boot mode of the typical electronic 
device is an update mode. 

55 

DETAILED DESCRIPTION 

Various embodiments are described below with reference 
to the figures. It should be understood, however, that numer 
ous variations from the depicted arrangements and functions 60 
are possible while remaining in the scope and spirit of the 
claims. For instance, one or more elements may be added, 
removed, combined, distributed, substituted, re-positioned, 
re-ordered, and/or otherwise changed. Further, where this 
description refers to one or more functions being imple- 65 
mented on and/or by one or more devices, one or more 
machines, and/or one or more networks, it should be under 

4 
stood that one or more of Such entities could carry out one 
or more of Such functions by themselves or in cooperation, 
and may do so by application of any suitable combination of 
hardware, firmware, and/or software. For instance, one or 
more processors may execute one or more sets of program 
ming instructions as at least part of carrying out one or more 
of the functions described herein. 
Now, an embodiment of the present disclosure is 

described with reference to the accompanying drawings. 
First, a description is made of a configuration of an MFP 

serving as an electronic device according to this embodi 
ment. 

FIG. 1 is a schematic diagram illustrating a block con 
figuration of an MFP 10 according to this embodiment. 
As illustrated in FIG. 1, the MFP 10 includes an operation 

unit 11 serving as an input device Such as buttons through 
which a user inputs various operations, a display unit 12 
serving as a display device Such as a liquid crystal display 
(LCD) that displays various kinds of information, a scanner 
13 serving as a reading device that reads an image from an 
original, a printer 14 serving as a printing device that 
executes printing on a recording medium Such as paper, a 
FAX communication unit 15 serving as a FAX device that 
performs FAX communications to/from an external fac 
simile machine (not shown) via a communication line Such 
as a public telephone line, a network communication unit 16 
serving as a network communication device that performs 
communications to/from an external device (not shown) via 
a network such as a local area network (LAN) or the 
Internet, and a control unit 20 that controls the entire MFP 
10. 
The control unit 20 includes a central processing unit 

(CPU) 21, a read only memory (ROM) 22 that stores a 
program for the CPU 21 and different kinds of data, a 
random access memory (RAM) 23 used as a work area for 
the CPU 21, and a flash memory 24 of a NAND type or a 
NOR type serving as an MTD. 

FIG. 2 is a schematic diagram illustrating a configuration 
of the RAM 23 and the flash memory 24 within the MFP10. 
As illustrated in FIG. 2, the flash memory 24 stores 

firmware 24a for a LinuxOR system. 
The firmware 24a includes a boot loader 24b that is 

executed when the MFP 10 is booted, a kernel 24c to be 
expanded onto the RAM 23, a root disk image 24d serving 
as a compressed file of a root file system. 
The root disk image 24d is a file having a format that can 

be read by the kernel 23c described later from the MTD via 
a read-only file system Such as Cramfs or Squashfs. 

Next, a description is made of an operation performed 
when the MFP 10 is booted. 

FIG. 3 is a flowchart of an operation performed when the 
MFP 10 is booted. FIG. 4 is a schematic diagram illustrating 
a configuration of the RAM 23 and the flash memory 24 
when a boot loader 23b has been expanded onto the RAM 
23. 
As illustrated in FIG. 3, when the MFP 10 is booted, the 

CPU21 expands the bootloader 24b on the flash memory 24 
onto the RAM 23 as the bootloader 23b as illustrated in FIG. 
4 (S31). 

FIG. 5 is a schematic diagram illustrating a configuration 
of the RAM 23 and the flash memory 24 when the kernel 23c 
has been expanded onto the RAM 23. 
When the process of Step S31 is finished, the boot loader 

23b executed by the CPU 21 expands the kernel 24c on the 
flash memory 24 onto the RAM 23 as the kernel 23c as 
illustrated in FIG. 5 (S32). 
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Subsequently, the boot loader 23b determines whether or 
not a boot mode of the MFP 10 is an update mode for 
updating the firmware 24a on the flash memory 24 (S33). 
When determining in Step S33 that the boot mode is not 

the update mode, in other words, that the boot mode is a 
normal boot mode, the boot loader 23b notifies the kernel 
23c that the boot mode is the normal boot mode (S34). 

FIG. 6 is a schematic diagram illustrating a configuration 
of the RAM 23 and the flash memory 24 when the boot mode 
of the MFP 10 is the normal boot mode. 
When notified by the boot loader 23b that the boot mode 

is the normal boot mode, the kernel 23c executed by the 
CPU21 mounts the root disk image 24d on the flash memory 
24 as a root file system (S35). Accordingly, as illustrated in 
FIG. 6, the root disk image 24d is read into an area of the 
RAM 23 not under management of the kernel 23c in unit of 
the page as the need arises. 
When determining in Step S33 that the boot mode is the 

update mode, the bootloader 23b notifies the kernel 23c that 
the boot mode is the update mode (S36). 

FIG. 7 is a schematic diagram illustrating a configuration 
of the RAM 23 and the flash memory 24 when an 
MTDRAM disk 23a has been generated in the area of the 
RAM 23 not under the management of the kernel 23c. 
When notified by the boot loader 23b that the boot mode 

is the update mode, as illustrated in FIG. 7, the kernel 23c 
generates a RAM disk (hereinafter referred to as 
“MTDRAM disk) 23a serving as an MTD in the area of the 
RAM 23 not under the management of the kernel 23c (S37). 

FIG. 8 is a schematic diagram illustrating a configuration 
of the RAM 23 and the flash memory 24 when a root disk 
image 23d has been expanded into the MTDRAM disk 23a. 

After the process of Step S37, the kernel 23c expands the 
root disk image 24d on the flash memory 24 into the 
MTDRAM disk 23a as the root disk image 23d as illustrated 
in FIG. 8 (S38). 

FIG. 9 is a schematic diagram illustrating a configuration 
of the RAM 23 and the flash memory 24 when the boot mode 
of the MFP 10 is the update mode. 

After the process of Step S38, the kernel 23c mounts the 
root disk image 23d on the MTDRAM disk 23a as the root 
file system (S39). Accordingly, as illustrated in FIG. 9, the 
root disk image 23d is read into the area of the RAM 23 not 
under the management of the kernel 23c in unit of the page 
as the need arises. Note that, the CPU 21 operates in 
accordance with the root disk image 23d on the MTDRAM 
disk 23a, and hence can delete the firmware 24a before 
update from the flash memory 24 and then write the firm 
ware 24a after update into the flash memory 24. 
When the process of Step S35 or Step S39 is finished, the 

CPU 21 finishes the operation illustrated in FIG. 3. 
As described above, the MFP 10 stores, in the flash 

memory 24, the root disk image 24d used in common when 
the boot mode is the normal boot mode and when the boot 
mode is the update mode, and can therefore Suppress a 
capacity necessary for the flash memory 24 to a lower level 
than in a configuration in which a root disk image used when 
the boot mode is the normal boot mode and a root disk image 
used when the boot mode is the update mode are separately 
stored in the flash memory 24. 

Further, on the MFP10, when the boot mode is the normal 
boot mode, the root disk image 23d is not expanded into the 
area of the RAM 23 not under the management of the kernel 
23c, which can increase the capacity of the usable area of the 
RAM 23. 

Note that, the nonvolatile storage device according to the 
present disclosure is a flash memory in this embodiment, but 
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6 
may be any storage device other than the flash memory as 
long as the nonvolatile storage device is the MTD. 

Further, the electronic device according to the present 
disclosure is an MFP in this embodiment, but may be any 
image forming apparatus other than the MFP. Such as a 
copying machine or a printer, or may be any electronic 
device other than the image forming apparatus Such as a 
general-purpose personal computer. 

It should be understood that various changes and modi 
fications to the embodiments described herein will be appar 
ent to those skilled in the art. Such changes and modifica 
tions may be made without departing from the spirit and 
Scope of the present Subject matter and without diminishing 
its intended advantages. It is therefore intended that such 
changes and modifications be covered by the appended 
claims. 

What is claimed is: 
1. An electronic device, comprising: 
a central processing unit (CPU); 
a random access memory (RAM) that is used as a work 

area for the CPU; and 
a flash memory as a nonvolatile storage device that acts as 

a memory technology device (MTD), wherein the flash 
memory has stored thereon firmware for an open 
Source code operating system, and the firmware com 
prises: 
a boot loader that is expanded onto the RAM from the 

flash memory by the CPU, when the electronic 
device is booted, and determines whether a boot 
mode of the electronic device is an update mode for 
updating the firmware in the flash memory, or a 
normal mode; 

a kernel that is expanded onto the RAM from the flash 
memory by the boot loader; and 

only one root disk image, as a compressed file of a root 
file system, that includes a file that has a format read 
by the kernel from the MTD via a read-only file 
system, 

wherein the only one root disk image on the flash 
memory is used both when the boot mode is the 
normal boot mode and when the boot mode is the 
update mode, 

wherein the kernel, when notified by the boot loader 
that the boot mode of the electronic device is the 
normal boot mode, mounts the root disk image on the 
flash memory as the root file system, and the 
mounted root disk image is read into an area of the 
RAM not under management of the kernel in unit of 
a page, and 

wherein the kernel, when notified by the boot loader 
that the boot mode is the update mode, i) generates 
a RAM disk as the MTD in the area of the RAM not 
under management of the kernel, ii) expands the root 
disk image on the flash memory into the RAM disk, 
iii) mounts the root disk image on the RAM disk as 
the root file system, iv) the root disk image is read 
into the area of the RAM not under the management 
of the kernel in unit of the page, and v) the CPU, in 
accordance with the root disk image on the RAM 
disk, deletes the firmware before update from the 
flash memory, and then writes the firmware after 
update into the flash memory. 

2. The electronic device according to claim 1, 
wherein the file included in the root disk image has the 

format that can be read by the kernel from the MTD via 
the read-only file system such as Cramfs or Squashfs. 
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3. A method by an electronic device that includes i) a 
central processing unit (CPU); ii) a random access memory 
(RAM) that is used as a work area for the CPU; and iii) a 
flash memory as a nonvolatile storage device that acts as a 
memory technology device (MTD), the method comprising: 

providing a firmware for an open-source code operating 
system on the flash memory, wherein the firmware 
comprises a boot loader, a kernel, and only one root 
disk image as a compressed file of a root file system, 
including a file that has a format read by the kernel 
from the MTD via a read-only file system; 

expanding, via the CPU, the boot loader from the flash 
memory onto the RAM, when the electronic device is 
booted: 

expanding, via the boot loader, the kernel from the flash 
memory onto the RAM: 

determining, via the boot loader, whether a boot mode of 
the electronic device is an update mode for updating the 
firmware on the flash memory, or a normal mode; 

mounting, via the kernel, the root disk image on the flash 
memory as the root file system, when notified by the 
bootloader that the boot mode of the electronic device 
is the normal boot mode, wherein the mounted root disk 
image is read into an area of the RAM not under 
management of the kernel in unit of a page; 

generating, via the kernel, a RAM disk as the MTD in the 
area of the RAM not under management of the kernel, 
when notified by the boot loader that the boot mode is 
the update mode; 

expanding, via the kernel, the root disk image on the flash 
memory into the RAM disk; 

mounting, via the kernel, the root disk image on the a 
RAM disk as the root file system, wherein the root disk 
image is read into the area of the RAM not under the 
management of the kernel in unit of the page; and 

deleting, via the CPU in accordance with the root disk 
image on the RAM disk, deleting the firmware before 
update from the flash memory, and then writing the 
firmware after update into the flash memory, 

wherein the only one root disk image on the flash memory 
is used in common when the boot mode is the normal 
boot mode and when the boot mode is the update mode. 

4. A non-transitory computer-readable medium having a 
program, the program causing a central processing unit 
(CPU), in an electronic device that includes a random access 
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memory (RAM) that is used as a work area for the CPU; and 
a flash memory as a nonvolatile storage device that acts as 
a memory technology device (MTD), to perform the fol 
lowing operations: 

providing a firmware for an open-source code operating 
system on the flash memory, wherein the firmware 
comprises a boot loader, a kernel, and only one root 
disk image as a compressed file of a root file system, 
including a file that has a format read by the kernel 
from the MTD via a read-only file system; 

expanding, via the CPU, the boot loader from the flash 
memory onto the RAM, when the electronic device is 
booted: 

expanding, via the boot loader, the kernel from the flash 
memory onto the RAM: 

determining, via the boot loader, whether a boot mode of 
the electronic device is an update mode for updating the 
firmware on the flash memory, or a normal mode; 

mounting, via the kernel, the root disk image on the flash 
memory as the root file system, when notified by the 
bootloader that the boot mode of the electronic device 
is the normal boot mode, wherein the mounted root disk 
image is read into an area of the RAM not under 
management of the kernel in unit of a page; 

generating, via the kernel, a RAM disk as the MTD in the 
area of the RAM not under management of the kernel, 
when notified by the boot loader that the boot mode is 
the update mode; 

expanding, via the kernel, the root disk image on the flash 
memory into the RAM disk; 

mounting, via the kernel, the root disk image on the a 
RAM disk as the root file system, wherein the root disk 
image is read into the area of the RAM not under the 
management of the kernel in unit of the page; and 

deleting, via the CPU in accordance with the root disk 
image on the RAM disk, the firmware before update 
from the flash memory, and then writing the firmware 
after update into the flash memory, 

wherein the only one root disk image on the flash memory 
is used in common when the boot mode is the normal 
boot mode and when the boot mode is the update mode. 
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